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of vegetables. This has led to the pollution of agricultural environment that in turn hindered sustainable agricultural development. 
Reasonable application of irrigation and nitrogen is vital for enhancing nutrient use efficiency and controlling non-point source pollu- 
tion. Using a stable isotope of '“N-traced urea, a pot experiment was conducted to evaluate the effects of different irrigation and ni- 
trogen applications on nutrient absorption, water/nitrogen utilization and yield of rape. The study included three irrigation levels [W,, 
60%6; (field capacity); W>, 75%0 and W3, 90%] and four nitrogen rates (No, 0 g:kg!; Nj, 0.1 g:kg!; No, 0.2 g'kg`!; and N3, 
0.3 g-kg™'). The contents and absorptions of nitrogen, phosphorus and potassium by different parts of rape plant were determined 
along with water and nitrogen use efficiencies. The results suggested that both irrigation level and nitrogen application rate had 
significant effects on contents of N, P, K in the leaves and roots of rape plants. Besides, leaf P content was significantly affected 
by the interaction of irrigation and nitrogen. The contents of N and K in the leaves were much higher than those in the roots. 
While the content of P in the whole rape plant and N in the roots increased, the content of K in the whole plant and N in the leaf 
decreased with increasing irrigation. N application increased plant N and K contents, but reduced P content. There were significant 
effects of irrigation level and nitrogen rate on N, P and K uptake and the interaction effects were also prominent for P and K absorp- 
tion. Medium irrigation level and low nitrogen rate (OWN) had the highest nutrient uptake. The yield of rape was significantly af- 
fected by irrigation level and nitrogen rate. Yield increased with increasing irrigation level and a significant parabolic relationship 
was observed between nitrogen rate and yield. The application rate of nitrogen and the interaction of irrigation and nitrogen had a 
significant effect on irrigation water use efficiency (IWUE). Also the response of yield in terms of [WUE increased with increas- 
ing nitrogen application. Both irrigation and nitrogen fertilizer had significant effects on the utilization of fertilizer '"N. Besides, a 
statistically significant interaction was noted between water and nitrogen in terms of nitrogen recovery rate. Fertilizer DN recov- 
ery rate increased with increasing irrigation level. The rates of UN residue and IN loss were respectively lowest and highest un- 
der medium irrigation level. With increasing nitrogen does, fertilizer recovery rate gradually decreased and the loss rate increased. 
It was concluded that for comprehensive nutrient uptake, yield output, and water and nitrogen utilization, WN; and WAN: treat- 
ments were the best. 


Keywords: Rape; Water-nitrogen regulation; Nutrient absorption; Water use efficiency; Nitrogen use efficiency 
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Table 1 Regulation effects of different irrigation levels and nitrogen fertilization rates on nitrogen uptake of rape 
gh RAR H Leaf AB Root TERR Plant 
Irrigation [Nitrogen ah RAE CC RE RARE 
level er N content (ëke IV N absorption (mg-plant') N content (g-kg”') N absorption (mg-plant') N absorption (mg:plant”') 
Wi No 38.70+1.34 28.33+10.10 22.73+0.64 1.95+0.08 30.28+10.17 
Ni 57.64+0.15 53.88+2.80 33.96+0.17 2.96+0.10 56.84+2.87 
N2 58.72+0.07 53.49+1.36 34.67+0.17 2.91+0.31 56.40+1.64 
N3 60.92+0.09 40.61+4.26 36.62+0.17 2.24+40.26 42.85+4.53 
W2 No 26.02+0.86 24.1948 .26 19.28+0.48 2.0840.44 26.27+8.55 
Ni 54.34+0.51 62.98+1.94 35.20+0.05 3.1540.85 66.13+1.22 
N2 53.89+0.41 56.88+7.70 36.51+0.10 4.00+0.71 60.88+8.32 
N3 54.04+0.19 54.94+9.21 37.01+0.16 3.11+0.33 58.06+9.54 
W3 No 28.56+0.28 30.63+1.07 23.76+0.23 2.59+0.21 33.22+1.09 
Ni 52.06+0.24 59.09+8.41 37.32+0.37 3.82+40.35 62.91+8.16 
N2 52.94+0.26 60.36+1.80 38.36+0.33 4.07+0.40 64.43+2.16 
N3 55.65+£0.23 46.39413.15 41.15+0.47 2.90+0.61 49.29+13.75 
TAIE Sig. 0.806" 0.368" 0.803" 0.364" 0.371" 
ZPS Average 
KKE Wi 53.99+1.09a 44.08+12.04 31.99+0.64b 2.51+40.49b 46.59412.48 
Irrigation W2 47.07+1.35b 49.75+16.92 32.00+0.80b 3.09+0.89a 52.83+17.56 
level W3 47.30+1.16b 48.12+14.21 35.15+0.75a 3.34+0.74a 52.46+14.84 
GB Sig. 0.005" 0.118" 0.030° 0.000°° 0.081" 
WAE No 31.09+0.10b 27.72£7.13¢ 21.92+0.46b 2.2040.38¢ 29.92+7.32¢ 
Nitrogen Ni 54.68+0.38a 58.65+6.02a 35.4940.25a 3.3140.61a 61.96+5.98a 
fertilization N, 55.18+0.36a 56.91+4.99a 36.52+0.19a 3.66+0.71a 60.57+5.59a 
rate N3 56.87+0.35a 47.32+10.39b 38.26+0.34a 2.75+0.54b 50.06+10.90b 
TEIE Sig. 0.000°° 0.000°° 0.000°° 0.000” 0.000” 


Wi: 60%8r; Wo: 75%0r W3: 90%0r (e DÉI ISS ES field capacity). No: 0 g(N)-kg™!; Ni: 0.1 g(N) kg '; No: 0.2 g(N)-kg™!; Ns: 0.3 g(N)kg`'. 
ANTAFI RTE 0.05 kass: DIRE P<0.05 A P<0.01 käng ns RUE 0.05 KFA ZTE, Values followed by 


different letters in the same column are significantly different at 5% level. * and ** represent significant differences at 0.05 and 0.01 levels, respec- 
tively, “ns” means not significant difference (P > 0.05). 


R2 AKAM) TAS A E BS BG AY R e 
Table 2 Regulation effects of different irrigation levels and nitrogen fertilization rates on phosphorus uptake of rape 
gh MAE H Leaf D Root TERR Plant 
Irrigation „Niwosen BE RHE Sg "sm "am 
level rate P content (g'kg') P absorption (mg-plant') P content (g'kg') P absorption (mg-plant') P absorption (mg-plant”') 
Wi No 5.93+0.72a 4.3140.59cd 4.45+0.44 0.41+0.086 4.73+0.63cd 
Ni 5.46+0.48abe 5.09+0.37bed 4.47+0.12 0.39+0.031 5.48+0.37bed 
N2 5.72+0.61ab 6.63+4.39ab 4.28+0.57 0.36+0.017 6.98+0.78ab 
N3 5.66+0.5 lab 3.77+40.46cd 5.36+0.58 0.32+0.018 4.10+0.47cd 
W2 No 5.32+0.59abc 5.01+1.30bcd 4.16+0.21 0.46+0.171 5.48+1.43bed 
Ni 5.51+0.64abc 7.78+2.20a 4.27+0.26 0.45+0.068 8.22+2.22a 
N2 5.16+0.53bc 5.49+0.47bc 3.91+0.09 0.52+0.186 6.04+0.48be 
Ns 5.49+0.21abc 5.60+1.01bc 4.57+0.81 0.38+0.033 5.98+1.01bc 
W3 No 4.96+0.79c 5.36+1.11bc 4.31+0.36 0.4740.063 5.84+1.16be 
Ni 2.71+0.36e 3.0740.55d 4.10+0.13 0.42+0.031 3.49+0.57d 
N2 3.37+0.14d 3.84+0.16cd 3.83+0.33 0.400.022 4.24+0.17cd 
N3 3.75+0.26d 3.15+0.91d 4.27+0.76 0.300.076 3.45+0.96d 
TEIE Sig. 0.000°° 0.002” 0.743™ 0.792" 0.003” 
FHE Average 
BKK Wi 5.6940.58a 4.9742.43b 4.67+0.59a 0.37+0.05 5.3442.43b 
Irrigation W2 5.38+0.53b 6.01+1.82a 4.23+0.45b 0.450.12 6.47+1.86a 
level W3 3.70+0.93c 3.86+1.18c 4.13+0.43b 0.40+0.08 4.25+1.24c 
TEIE Sig. 0.000** 0.000" 0.017 0.071™ 0.000°° 
HAS No 5.4440.77a 4.86+1.09ab 4.34+0.35ab 0.45+1.11 5.31+1.18ab 
Nitrogen Ni 4.7641.34b 5.50+2.29a 4.28+0.22ab 0.42+0.05 5.9142.31a 
fertilization N2 4.83+1.14b 5.5143.10a 4.01+0.39b 0.43+0.12 5.9343.10a 
rate N- 5.0640.93b 4.1241.24b 4.73+40.79a 0.34+0.05 4.4541.28b 
TEIE Sig. 0.000°° 0.033" 0.021" 0.052" 0.024" 


Wi: 60%O5; Wo: 75% Os, W3: 90%; (e DI Il SKS field capacity). No: 0 g(N)-kg™!; Ni: 0.1 g(N)-kg™!; No: 0.2 g(N)-kg™!; Ns: 0.3 g(N)kg`'. 


AWNARFARNE 0.05 kees" Dal ROE P<0.05 A P<0.01 KFERLE, ns RE 0.05 KFERF LTE, Values followed by 
different letters in the same column are significantly different at 5% level. * and ** represent significant differences at 0.05 and 0.01 levels, respec- 
tively, “ns” means not significant difference (P > 0.05). 
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Table 3 Regulation effects of different irrigation levels and nitrogen fertilization rates on potassium uptake of rape 
H Leaf HI Plant 
AIK ë Maa She RAR ane DER DETE 
Irrigation level Nitrogen rate K content : = -1 E +1 K absorption P absorption 
(ekg!) K absorption (mg'plant ) K content (gkg ) (mgplant’) (mg'plant’) 
Wi No 135.52+7.27 98.41+4.84e 68.04+9.55 6.02+0.95bed 104.43+4.98d 
Ni 165.19+10.56 154.91+14.00b 79.31+5.98 7.1140.52b 162.02+14.15b 
N- 165.65£16.63 153.59+22.74b 75.71+5.48 6.35+0.64bc 159.94+22.81b 
N; 168.52+11.70 112.86+17.37cde 80.21+10.91 4.86+0.36d 117.72417.57¢cd 
W2 No 102.78+21.39 94.99+21.09e 54.82+6.61 6.06+1.74bed 101.05422.14d 
Ni 135.59+9.57 188.25+39.18a 60.32+10.82 6.39+1.56bc 194.64+40.58a 
N2 137.62+15.03 141.63422.65b 63.79+6.11 8.40+2.07a 150.04+24.17b 
N3 144.01+13.51 145.63+18.11b 70.64+5.32 5.92+0.36bcd 151.55+18.38b 
Ws No 121.36+13.42 130.28+13.12bed 63.21+46.04 6.9140.87b 137.19413.87be 
N: 120.06+20.50 137.70+34.66bcd 69.26+7.93 7.13+1.09b 144.84+35.69b 
N2 130.84+12.96 149.16+13.15b 65.18+10.55 6.83+0.25b 155.99+13.30b 
N3 133.92+10.68 111.37428.11de 73.3745.59 5.2141.15¢ed 116.58429.24cd 
TEIE Sig. 0.455" 0.000" 0.932" 0.014" 0.000°° 
FHJI Average 
HKK F W; 158.81+17.73a 129.94+29.53 75.50+8.83a 6.09+1.03 136.03+30.08 
EE W2 127.21+23.00b 142.42+45.20 62.39+8.78b 6.604£1.77 149.02+45.93 
W3 126.54+15.13b 132.13426.55 67.76£7.79b 6.52+1.54 138.65427.55 
SI Sig. 0.000°° 0.074" 0.003” 0.137" 0.073™ 
Haa No 119.01+20.80c 105.10+20.57d 62.02+8.74b 6.26+1.29b 111.35421.34¢ 
De N; 142.12+22.93b 163.11+36.13a 68.42+10.90ab 6.85+1.15ab 169.96+36.70a 
rate N2 146.26+21.47ab 148.91+20.10b 68.23+8.74ab 7.0741.42a 155.98+20.39a 
N3 151.63+19.21la 121.804£25.28¢ 74.7447.93a 5.26+0.79¢ 127.06+25.96b 
TEIE Sig. 0.000°° 0.000°° 0.023" 0.000°° 0.000" 


Wi: DA W2: 75% O05, W3: 90%; (0:5 Hlal#$2K field capacity). No: 0 g(N)-kg!; Nj: 0.1 g(N)-kg™!; No: 0.2 g(N)-kg™!; N3: 0.3 g(N)-kg 
AVAAFARNE 0.05 kass: ail P<0.05 MI P<0.01 käng ns RUE 0.05 KFA TE, Values followed by 


different letters in the same column are significantly different at 5% level. * and ** represent significant differences at 0.05 and 0.01 levels, respec- 


tively, “ns” means not significant difference (P > 0.05). 
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4 KAP WRB. BMD A AMER MN SELIM DRS PA AH Mla 
Table 4 Regulation effects of different irrigation levels and nitrogen fertilization rates on yield, irrigation water use efficiency and 
fate of '°N-labelled fertilizer in soil and crop system 


WK AE ine rg kung SNERRE = ON ADR SN ARE 
Irrigation se Yield Irrigation water use Fertilizer UN recovery Fertilizer BN Fertilizer "N loss rate 
level fate (g-pot ) efficiency (L-pot ) rate (%) residual rate (%) (%) 
No 40.92+0.82 16.50+£0.67¢d me = _ 
oa Ni 57.67+2.14 23.34+0.70a 15.22+0.96c 70.57+£5.66 14.20+5.62 
N2 53.85+1.27 22.76+0.62ab 9.92+1.19e 66.80+2.49 23.28+1.81 
N3 42.84+3.16 19.18+1.23be 5.3040.94f 68.31+41.68 26.40+2.02 
No 54.72+4.71 16.57+0.99cd on — — 
W, Ni 69.54+7.08 22.4642.39ab 18.41+40.36b 59.94+1.65 21.65+1.89 
N2 69.30+5.49 22.41+11.10ab 12.33+0.66de 60.13+3.02 27.5443.68 
N; 63.45+11.73 21.48+3.77ab 6.68+1.62f 56.22+0.83 37.10+2.01 
No 65.36£7.74 19.18+2.15be — — — 
w Ni 73.3048.67 21.5342.32ab 23.00+2.47a 63.83+3.26 13.17+5.73 
N> 74.06+2.93 21.83+0.45ab 13.69+1.76cd 70.97+8.25 15.3448.70 
N3 49.21+12.92 15.15+3.57d 6.9941.76f£ 71.2944.26 21.72+44.27 
BEE Sig 0.105" 0.027" 0.023" 0.103" 0.527" 
FHE Average 
kk Wi 48.82+7.61b 20.44+2.99 10.15+4.39¢ 68.56+3.60a 21.2946.31b 
Irrigation W2 64.25+9.12a 20.73+3.23 12.47£5.16b 58.76+2.60b 28.76+7.13a 
level W3 65.48+12.86a 19.42+3.46 14.56+7.18a 68.6946.12a 16.7446.82c 
TEIE Sig. 0.000°° 0.259 ™ 0.000** 0.000°° 0.000°° 
Waz No 53.66+11.55b 17.41+1.81b = = = 
Nitrogen Ni 66.84+9.08a 22.44+1.87a 18.8843.64a 64.7845.75 16.3445.75¢ 
fertilization N- 65.74+9.69a 22.33+0.79a 11.98+1.99b 65.97+6.58 22.06+7.20b 
rate N3 51.83+12.73b 18.60+3.85b 6.32+1.50c 65.27+7.29 28.40+7.29a 
BEIE Sig. 0.000” 0.000” num" 0.827" 0.000" 


W1: 60%; Wo: 75%; W3: 90%60 (0; 59 Biat 2K field capacity). No: 0 g(N)-kg '; Ni: 0.1 g(N):kg '; No: 0.2 g(N)-kg |; Ns: 0.3 g(N)-kg |. 
AVAAFARNE 0.05 kass: ** DURE P<0.05 A P<0.01 KFBREE, ns RUE 0.05 KFA TE, Values followed by 
different letters in the same column are significantly different at 5% level. * and ** represent significant differences at 0.05 and 0.01 levels, respec- 
tively, “ns” means not significant difference (P > 0.05). 


Bagger mr AEE K R(P<0.05, RHA), Kew 


SIS, Ger use 21, 
ERRER NBT. BE REIRI, mée 
R= REE, TEX AA(Oryza sativa), EX 
(Zea mays), EH Dt Cucumie melo), *84E(Gossypium 
ep Sh EBBRIGIE?', zën HAS 
O01 ekg (+), IVER, SS Fe DA 
THES ARENEA. KSAT ene BÉIS MIE 
HESSA, HMA E S EKRI HM 
WPA, BAK ZK AE IT BR BY eE RERI, W AER 
INS RA, MIA. FARIS acl KS, a. 
ks, FARES Slo, A 
VE HE 2k Sa HH NV RE Se few) SE FED RUAN SS WN, Xb 
3B (75%, 0.1 gk DIERA. Bh. FAD KSA 
SA. 

NEE BS 7k Fa WY 7K EE 4 
Ko Ae PVA Shee KK FHS MH, 
har AS IE OS ie I ENA, XS Badr 
SWAR BM. (La BS WUE RABE AB 


FRENKA. FFD RIKEN A HATER EER 
CARS, Silke fed ee Sa 
GER 

Ska Se SC IIE IWUE, MARHA 
IWUE Skip HARARE 
m IWUE? "7! Axist Se PR Be BK FE WUE BRA 
SS MEKSH WUE PIRES. MAAS 
F(R ker Eko we, Mel TARE 
£K, Dm (WUE mg, Stee KS, SC 
REKMBKD, RIRE ERILE, KD 
THRARAKDARA, RB ERKDAIAS. GIE 
WAS, Cabello SP HAAAR—M Aide 
IWUE wR Agnes Te 
JIDE, HABA 0.16 oke" BY IWUE RA. 
ie Se HH Be A EIR BY ABS BRB AR ED I AR 
KA, Kë LS. WHR BER. 
EZE AAE ON AR A A RA 
5.30%~23.00%, 5% BA 56.22%~71.29%, MAE 
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Æ 6 H S WE: 


7K RA VALE IY | STEAD BK, 7K SLA FE Re BS 


1 Chinay iv EE 827 


H 13.17%~37.10%, X-is hi E BASH At 
RARE, (EF AR, dok 
EE BYE RES A ee FRR SARE 
PR, ABSA tae), SCR ARS Ai 
Ri, ik ien RAN A—AEBM, D 
All FA SEF SB EP! ARB, |S PON 
AES} ll FB 3S pM KK FES Me I, Penh SAY 
HIME, KS a AHR, 

ZS Lab SYIGMBKNE E HA Sele 
DN). W MARKE, Per SNkA 
Fl FASE, AIRE WN E WN, NHB KA 
QE, REBRAMSRLMEKPGHE-EER, T 
WEARER AARAA Se 
BS—-EBSEM 


4 Hit 


TAKKE, HEARS RIK AAEM | RA, 
H FAA SRR KS Ms FH, WN, 4h75% 
0s 0.1 gkg IVAW. BR. FORMS AR 
Ko IVARFK SR BkKKENHASH LEZ, 
RIA BKKEHES MSH, MAS e MD 
SSM BENE. BRD A AAS (IWUE) 
SHA SRKAR EN SS. WUE ASS 
W, RIESS. PN A ASMHAS 
mE, EKF amA, WN, MB 
(90% 0s 0.1 gkg UN ERAR SS MARERE 
RAS | HRAD WK, AERA, WN 
WON, AER KALE. 
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